INTRODUCTION
Hepatitis C virus (HCV) infection is a global health problem. The World Health Organization (WHO) has estimated that as many as 170 million persons worldwide may be infected. Although the virus infection is usually asymptomatic and may not be recognized clinically, subsequent chronic infection is usually life-long and may lead to significant chronic liver disease leading to cirrhosis of the liver and hepatocellular carcinoma.
HCV infection is an emerging health problem in Myanmar. HCV carriers were detected in 2.5% of apparently healthy individuals, in 24.9% of patients with liver diseases [1] and in 35% of hepatocellular carcinoma (HCC) cases [2] . Once infected with HCV, the proportion of patients who develop chronic liver disease exceeds 80%, and up to 20% of chronic HCV cases may progress to liver cirrhosis: 1-5% could develop HCC within a period of 20-30 years [3] . Until 2002, there were no HCV screening available. After a vigorous campaign starting in 2000, screening for transfusion blood became the routine.
The treatment options for chronic HCV infection include monotherapy with interferon alpha/beta subtypes or in combination with antiviral drugs, which are considered the first line treatment for chronic HCV infection. However, this therapy is expensive and associated with the development of dose-related side effects. Economic burden of social as well as personal would be enormous without stopping the progression of the diseases.
Extensive immunological studies of microorganisms have revealed that preparations of whole cells or cell walls from several bacterial species that constituted the microbial flora are effective in potentiating the immune 
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The term "probiotics" was defined in 1989 by Fuller as "live organisms that show health effects on host animal by altering the balance of intestinal bacteria" [6] and was defined by Salminen et al. in 1998 as "food which contain live bacteria which are beneficial to health" [7] . Studies indicating that oral administration of lactic acid bacteria including Lactobacillus, Bifidobacterium and Enterococcus has various physiological activities and has been shown to have effects on rotavirus gastroenteritis [8] and acute infectious diarrhea [9] , protection against Helicobacter pylori infection [10] , inhibitory effects on tumor cells [11] , and anti-hypertension [12] , antihyperlipemia [13] and anti-allergy effects [14] .
Several bacterial strains derived from intestinal flora have been developed as commercial food products, and among them is Enterococcus faecalis strain FK-23, one of the lactic acid bacteria isolated from healthy human feces. Functional foods containing FK-23 are made by the Nichinichi Pharmaceutical Co., Ltd., in Japan. The bacteria in the functional foods are not live but instead are heatkilled at 110°C to prepare them as a probiotic supplement.
This study was carried out to determine the safety and long-term effect of the probiotic FK-23 in patients with hepatitis C virus infection.
SUBJECTS AND METHODS

Study design
This study was carried out as a single-arm, noncomparative clinical drug trial study at the 
Subjects
The subjects were healthy and asymptomatic male and female adult volunteers who were serologically positive for anti-HCV IgG antibodies, are 18-60 years of age, ALT levels of ≥50 IU/ml and were recruited from 260 individuals who visited the Hepatitis Carrier Clinic, Department of Medical Research (Lower Myanmar), and were positive for anti-HCV antibodies. All subjects received an explanation about the objective and procedure of the study, and only those who gave voluntary consent were recruited. All subjects were informed that they had the right to withdraw from the study at any stage. Exclusion criteria included (a) daily alcohol consumption of more than 60 g, (b) heavy smoking (more than 15 cigarettes or 30 g of tobacco/day), (c) liver diseases (cirrhosis and hepatocellular carcinoma), (d) HBV infection, (e) HIV infection, (f) pregnancy, (g) lactation, and (h) history of taking any oral antioxidant therapy during the 3-month period prior to enrollment.
Procedure
A complete medical history was taken, which was followed by complete physical examination of all subjects to obtain a baseline data. All participants were subjected to ultrasonography (abdominal scan) to exclude liver cirrhosis and/or hepatocellular carcinoma. Serological tests were done to exclude HBV and HIV infections.
Anti-HCV seropositivity was determined with an immunochrmatic test kit from Standard Diagnostics Inc, Yongin, Republic of Korea, and confirmed by enzymelinked Immunosorbent assay (ELISA). A clinical chemistry photometer (Analyzer 90, DAS, Rome, Italy) was used for determination of urea, total protein and the liver enzymes alanine aminotransferase (ALT) and asparate aminotransferase (AST). Hematological parameters including hemoglobin and platelet count were determined with a PENTRA-60 Automatic Blood Cell Analyzer. Testing of viral load was carried out at Medic Co., Ltd. (Mie, Japan).
Assessment
The duration of the study was 36 months, and blood samples were taken at enrollment and every 3 months and tested for ALT and AST levels. Determination of viral load and hematological (hemoglobin and platelet count) and biochemical parameters (urea, total protein) was done every 6 months.
Probiotic (FK-23)
Each patient was given 2,700 mg of FK-23 per day (1 sachet 3 times daily) by oral route. Ingredients of one sachet of sample food contained 900 mg of FK-23 lactic acid bacteria powder, 255 mg of soy protein, 240 mg dextrin and 105 mg of corn starch.
Statistical analysis
Statistical analysis was carried out using MINITAB 14.1 (Minitab Corporation, State College, PA, USA). Descriptive statistics were used for continuous variables and presented as the mean and standard deviation. A p value of <0.05 was considered significant.
RESULTS
Subjects
From subjects who visited the Hepatitis Carrier Clinic, Department of Medical Research (Lower Myanmar), and were positive for anti-HCV antibodies, 46 subjects (23 males and 23 females) who fulfilled the selection criteria and gave voluntary consent were initially recruited for the study. Due to the dropout of 7 (4 male, 3 female) recruits for various reasons, only 39 (19 males, 20 females) subjects participated in the study. The mean age of the subjects was 45.0 ± 7.9 years, with no significant difference between males and females (43.3 ± 8.6 versus 41.5 ± 9.1 years).
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels
The initial mean ALT level of the subjects was 64.8 ± 17.5 IU/l. Significant decreases in mean ALT levels were observed at 3 months (34.9 ± 15.1 IU/l) as compared with the initial level (64.8 ± 17.5 IU/l) and persisted up to 36 months (43.7 ± 25.2 IU/l) ( Table 1 ). The baseline mean AST level of the subjects was 64.3 ± 28.7 IU/l. Significant decrease of AST was detected at 9 months (46.2 ± 21.7 IU/l) of probiotic therapy as compared with the baseline (p=0.006) and persisted up to 30 months (44.5 ± 20.6 IU/l, p=0.009) ( Table 1 ).
The initial mean ALT level of 25 subjects was 62.5 ± 10.7 IU/l. Significant decreases in mean ALT levels were observed at 12 months (26.6 ± 14.9 IU/l) as compared with the initial level (62.5 ± 10.7 IU/l). It persisted in 15 of 24 subjects up to 36 months (35.7 ± 12.4 IU/l). It returned to its original state (69.6 ± 0 IU/l) in 1 subject within the month. An increase was observed in 8 subjects within the same month (96.9 ± 24.0 IU/l) ( Table 2) .
Viral load
The mean viral load of the subjects at the initial recruitment was 5.5 ± 1.0 log IU/ml, with no significant changes at 6 months (5.2 ± 1.1 log IU/ml), 12 months (5.3 ± 1.2 log IU/ml), 18 months (5.3 ± 1.2 log IU/ml), 24 months (5.3 ± 0.9 log IU/ml), 30 months (5.6 ± 0.9 log IU/ml) and at 36 months (5.7 ± 0.9 log IU/ml), indicating that FK-23 had no effect on the mean viral load of the subjects (Fig. 1) .
Biochemical parameters
The initial mean urea and total protein levels of the subjects were 20.2 ± 6.0 mg and 7.5 ± 0.6 mg/dl. No significant changes were observed in the mean urea and (Table 3) .
Hematological parameters
The initial mean hemoglobin level was 13.8 ± 2.7 g/dl, and the mean platelet count of the subjects was 192.9 ± 72.8 × 10 3 /mm 3 . FK-23 did not affect the hematological parameters of the subjects at 12, 24 and 36 months of therapy (Table 3) .
Side effects
FK-23 was well tolerated by the participants. There were no serious side effects apart from complaints of transient giddiness and headache by 4% of the participants and mild constipation in less than 8% of the participants.
Safety of probiotic therapy
The safety of FK-23 was evident, as no significant changes were detected in the hematological (hemoglobin level and platelet count) and biochemical parameters (urea and total protein levels) and there were no untoward side effects.
DISCUSSION
The problem of HCV infection in Myanmar is well recognized, and efforts to control it in the blood donor population were initiated in 2000 [15] . Screening of 154,161 blood donors from May 2000 to April 2004 demonstrated that the prevalence of HCV infection among Myanmar blood donors was 2.6% [16] . Management of chronic hepatitis C infection has included antiviral drugs, iron reduction therapy, antioxidants, cytokines, immunomodulators (including BRMs and probiotics) and herbal remedies.
Probiotic bacteria have well-established beneficial effects in the management of diarrheal diseases. New evidence suggests that probiotics have the potential to reduce the risk of developing inflammatory bowel diseases and intestinal bacterial overgrowth after gut surgery. In liver health, the main benefits of probiotics might occur through preventing the production and/or uptake of lipopolysaccharides in the gut and therefore reducing levels of low-grade inflammation [17] . Individuals with cirrhosis of the liver are often found to have an imbalance of the intestinal microbiota. Known as beneficial bacteria, probiotics help maintain balance in the gut by reducing the growth of harmful bacteria, keeping the intestines healthy, assisting in food digestion and supporting immune function. There are studies that have suggested that probiotics should be included into the routine therapy for patients struggling with the hepatitis C drug side effects of fatigue, nausea and low appetite [18] . The primary mechanisms reported in these studies are the changes in gut functions. Controlling the microbiota quantity can lead to decreased endotoxins and other toxic compounds derived from bacteria such as ethanol, phenol and indoles which cause injury to the liver [19] .
This study was carried out to study the safety and long-term effect of probiotic Enterococcus faecalis strain FK-23, one of the lactic acid bacteria abundant in the human intestinal tract. In our study, the liver enzymes ALT and AST were determined every three months. The findings showed that significant decreases in mean ALT levels were observed at 3 months and persisted up to 36 months. In contrast, significant decrease of the AST level was detected only at 9 months of therapy (62.13 ± 28.11 versus 46.22 ± 21.65 IU/l). This might be due the fact that AST is present in a diversity of tissues such as the liver, heart, muscle, kidney and brain and the fact that damage to any of these may result in increase of the enzyme level. These results suggested that oral administration of FK-23 is specially effective for the liver. No significant changes were detected in the hematological (hemoglobin level and platelet count) and biochemical parameters (urea and total protein levels) of the subjects during the study period of 36 months, thus indicating the safety of FK-23 ( Table 2) . As probiotics are not antiviral agents, changes of the mean viral load of the subjects were not expected during therapy. The findings showed that there were no significant changes of viral load at 12, 24 and 36 months (Fig. 1) .
Findings from a previous study indicated the clinical efficacy of FK-23 preparation for the liver function of patients suffering from active chronic hepatitis C. Blood samples were collected before and at 3 and 6 months after administration of the preparation, and the serum aminotransferase (AST and ALT) levels were determined. Improvement of liver function was observed in 8 out of 9 patients [20] .
There have been reports that oral administration of FK-23 reduced the levels of ALT and glucose in sera as well as the accumulation of lipid in the liver in a high-fat diet-induced hepatic steatosis mice model [21] . Hepatic steatosis is known to eventually develop into cirrhosis leading to HCC, and the progression is similar to that of HCV infection [22] . Although the causes of active chronic hepatitis C and hepatic steatosis are different from each other, the ALT level in sera was improved in both cases. This suggests that FK-23 has a general protective effect on hepatocytes.
Recent publications indicated the relationships between liver function and the translocation of bacterial components from the intestinal tract. Intestinal bacterial overgrowth and changes in the composition of the intestinal microbiota may also promote bacterial translocation [23] . Increased translocation of microbiota and bacterial products, such as LPS and PGN, from the intestinal tract may enhance liver inflammation through activation of the innate immune system. Indeed, elevated LPS levels in the systemic and portal circulation have been reported in patients with cirrhosis [24] . Previously, we demonstrated that oral administration of FK-23 regulates the balance of the intestinal microflora [25] . Therefore, oral administration of FK-23 might change the microbiota in hepatitis C patients, and this might be the one of the mechanisms of the decrease in serum ALT. Further analysis is required for a comprehensive understanding of the mechanisms.
Probiotic research is moving forward on two fronts, basic science (laboratory studies) and clinical trials, to evaluate the safety and efficacy of probiotics for various medical conditions. Probiotic administration is safe, inexpensive and a noninvasive strategy as compared with antibiotic therapy and surgery. A limitation of our study was the inability to demonstrate the effect of probiotics on the histopathological changes in the liver tissues of the subjects, as liver biopsy is not routinely performed in Myanmar. Findings from our study indicated that the candidate probiotic FK-23 was safe and well tolerated by the participants, and the majority of subjects reported a sense of well-being during the probiotic therapy.
CONCLUSION
As the probiotic FK-23 therapy was safe, noninvasive and well-tolerated by the subjects, with no major sideeffects, consideration should be given to include probiotics as an alternative therapy for patients with hepatitis C virus infection.
